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Cortical NAA Deficits in HIV Infection without Dementia:
Influence of Alcoholism Comorbidity
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Alcoholism comorbidity is highly prevalent in individuals infected with human immunodeficiency virus (HIV). Each condition is known to
affect brain structure, function, and metabolism, but the combined effects on the brain have only recently been considered. Single-voxel,
proton MR spectroscopy (MRS) has yielded sensitive measures of early brain deterioration in the progression of HIV, but has limited
coverage of neocortex, whereas MRS imaging (MRSI) can simultaneously interrogate large regions of cortex. Included were |5 men with
HIV 4 alcoholism, nine men with HIV alone, eight men with alcoholism alone (abstinent for 3—17 months), and 23 controls. The two HIV
groups were matched in T-cell count and were not demented; the two alcoholism groups were relatively matched in lifetime alcohol
consumption. We used MRSI with a variable-density spiral sequence to quantify major proton metabolites—N-acetylaspartate (NAA),
creatine (Cr), and choline (Cho)—in the superior parietal—occipital cortex. Metabolites were expressed in absolute units and as the
NAA/Cr ratio. Significant group effects were present for NAA and Cr. Only the HIV + alcoholism group was significantly affected,
exhibiting a 0.8 SD deficit in NAA and a 1.0 SD deficit in Cr. The deficits were not related to highly active antiretroviral therapy (HAART)
status. Neither HIV infection nor alcoholism independently resulted in parietal-occipital cortical metabolite abnormalities, yet each
disease carried a liability that put affected individuals at a heightened risk of neuronal compromise when the diseases were compounded.
Further, the use of absolute measures revealed deficits in NAA and Cr that would have gone undetected if these metabolites were

expressed as a ratio.

INTRODUCTION

Alcoholism comorbidity is highly prevalent in individuals
infected with human immunodeficiency virus (HIV). It has
been estimated that nearly half of those infected with HIV
are also alcohol abusers or dependents (Lefevre et al, 1995).
Alcohol can exacerbate HIV infection by acting as an
immunosuppressant and interfering with potential positive
effects of antiretroviral therapy (Wang and Watson, 1995).
A primate study directly addressing this interaction
revealed that Rhesus monkeys which were pretreated with
high doses of alcohol and then infected with the simian
version of HIV (SIV) showed a 64-fold greater presence of
the virus than sucrose-exposed and SIV-infected controls
(Bagby et al, 2003). In addition to general systemic effects,
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each condition is known to affect brain structure, function,
and metabolism, but the combined effects on the brain are
poorly understood and examined irregularly (eg Fein et al,
1995; Green et al, 2004; Heaton et al, 1995; Meyerhoff,
2001).

Single-voxel, proton MR spectroscopy (MRS) has proved
to be a more sensitive, noninvasive index of early brain
deterioration in the progression of HIV than conventional,
structural MRI (Barker et al, 1995; Chang et al, 2002; Fuller
et al, 2004; Meyerhoff, 2001; Moller et al, 1999b; Viondury
et al, 1994). Early in the disease, basal ganglia are affected
and show evidence of gliosis (abnormally high myoinositol/
creatine (Cr) levels) and possible signs of cell membrane
activity (abnormally high choline/Cr levels), whereas in
later stages marked by AIDS-dementia neuronal integrity,
indexed by the N-acetylaspartate/creatine ratio (NAA/Cr),
shows signs of compromise, especially in frontal cortex,
subjacent white matter, and basal ganglia (for reviews see
Chang et al, 2002; Meyerhoff, 2001; Pfefferbaum et al, 2002).
In addition, HIV infection interacts with age, resulting in an
exacerbated increase in glial markers in frontal white matter
and decrease in the neuronal marker in basal ganglia in
older HIV-infected individuals (Ernst and Chang, 2004).



The mainstay of MRS studies is based on the single-voxel
approach focused on the basal ganglia and frontal cortex
and white matter. Further, metabolite levels are typically
expressed as ratios of Cr, with the assumption that Cr
fluctuates little with aging or disease. Although this
approach has contributed significantly to the identification
of potential targets of HIV infection and progression, it has
two principal limitations: voxel size is too large (commonly
6cm’; Lee et al, 2003) to target selective regions of fully
volumed neocortex, and the assumption that Cr is stable
regardless of age or disease can be questioned (Li et al,
2003; Pfefferbaum et al, 1999b). Indeed, recent studies that
have quantified metabolites as concentrations of the tissue
fraction in the measured voxel provide evidence for
increased Cr related to age (Li et al, 2003; Pfefferbaum
et al, 1999b), disease (eg Alzheimer’s disease: Pfefferbaum
et al, 1999a; HIV-age interaction: Ernst and Chang, 2004),
and have identified the Cr denominator as a significant
source of metabolite measurement error relative to esti-
mates based on absolute metabolite values corrected for
tissue fraction (Li et al, 2003).

Here, we used MRSI with a variable-density spiral
sequence to quantify major proton metabolites, NAA, Cr,
and Cho, in the superior parietal-occipital cortex. This
cortical region is difficult to image in the single-voxel mode,
can be encompassed with the multiple small voxels
(1.1 cm’) used in the MRS volumetric imaging mode, and
may be a site of early pathology in cases of HIV-alcoholism
comorbidity, given the known frontoparietal circuitry that
can be disrupted in either disease (for reviews see
Pfefferbaum et al, 2002; Sullivan, 2003). In addition, the
measured metabolites were expressed in absolute units
rather than ratios, an approach that could increase the
sensitivity of the NAA measure if both NAA and Cr were
low in a disease state (cf Chang et al, 2002).

METHODS

Subjects

The four subject groups comprised 23 healthy controls (18
men, five women), nine men with HIV infection (HIV), 15
men with HIV infection plus alcohol dependence (n=14)
or abuse (n=1) (H+A), and eight men with alcohol
dependence alone (ALC). When studied, six men (67%)
with HIV alone were taking highly active antiretroviral
therapy (HAART), and 10 men (67%) in the H+ A group
were taking HAART. All subjects gave written informed
consent for participation. The controls were recruited from
the local community by flyers, advertisement, and word of
mouth; in addition, nine laboratory members volunteered
for study as controls. The alcoholic subjects were recruited
from local treatment programs. The HIV-infected subjects
were recruited and screened through the AIDS Community
Research Consortium by clinical research registered nurses
or physicians. Only HIV subjects who received a Karnofsky
score of at least 70 out of a maximum of 100 (70 = cares for
self, able to live at home, unable to work; 100 = normal, no
complaints, no evidence of disease) (Karnofsky, 1949) and a
CD4 count of at least 100 cells/mm’ were included for study.
Subjects in the four groups, except the nine laboratory
members, underwent a formal interview with clinical
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research psychologists, who used the Structured Clinical
Interview for the Diagnostic and Statistical Manual IV
(American Psychiatric Association, 1994), and were ex-
cluded for Axis I diagnoses of Bipolar Disorder or
Schizophrenia or for any nonalcohol substance use (except
cannabis) in the previous month or abuse in the previous 3
months. Additional exclusion criteria for all subjects were
history of head trauma with neurological symptoms, seizure
disorder (unrelated to alcohol withdrawal), alcohol-related
withdrawal symptoms at the time of study, CNS opportu-
nistic infection, chemotherapy for malignancy, or active
tuberculosis. Current nonalcohol substance dependence was
an exclusionary criterion for all groups, but because of the
high prevalence of substance abuse in patients with these
diagnoses, we included subjects with past history (>3
months) of nonalcohol substance abuse or dependence.
Although the patient groups could have a past history (>3
months) of nonalcohol drug dependence, the past history of
all but one man in the H+ A group was greater than 1 year;
the one exception was dependent 7 months prior to study.
In the H group, four men had past history of nonalcohol
substance dependence and one had abuse, that is, 55%; in
the H+ A group, 12 men had past history of nonalcohol
substance dependence and two had abuse, that is, 90%; and
in the alcohol-only group, one man had past history of
nonalcohol substance dependence.

The four groups were matched in age. The two HIV
groups were matched in CD4 count, Karnofsky score (a
measure of clinical well-being), and the Peabody Picture
Vocabulary Test (a culture-free test of general intelligence).
No HIV subject received a Karnofsky score below 80
(80 =normal activity with effort, some signs, or symptoms
of disease), and none was clinically demented. The two
alcoholism groups consumed significantly more alcohol in
their lifetime than did the nonalcoholic groups, but the
alcoholism-alone group reported a higher total lifetime
alcohol consumption than did the H+4A group. The
alcoholism alone group had been abstinent from alcohol
for 91-536 days (means + SD =216.7 +162.0), and the H+ A
group was alcohol abstinent for 1-1288 days (means+
SD =194.2+380.0). Of the 14 H + A subjects, 10 had drunk
alcohol 1-14 days prior to scanning; the remaining four had
abstained from drinking for 7-43 months. At the start of
each test session, subjects were given a breathalyzer test;
subjects not achieving a score of 0.0 were not tested that
day. Table 1 presents descriptive data for the four subject
groups.

MRSI Acquisition and Processing

A General Electric 1.5T Signa scanner with a standard
quadrature head coil was used for acquisition of structural
and spectroscopic imaging data. Structural imaging in-
cluded a dual-echo, fast spin-echo (FSE) acquisition with a
slice thickness of 3.5 mm, contiguously sampling the entire
brain (all subjects except the nine laboratory controls) or 32
slices (only the nine laboratory controls). The FSE
acquisition was prescribed parallel to the AC-PC orienta-
tion, with a superior-inferior center 35 mm superior to the
midpoint between the AC and PC. The centers of the
anterior—posterior and left-right axes were in the geometric
center of the field of view. Imaging parameters were as
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Table | Subject Characteristics (Mean+SD)

Total lifetime

Education Body mass consumption  Days since last CD4 count
Age (years) (years) 1Q estimate® index (kg) drink (100/ml)
Control (n=23) 48.8 (19.1) 18 (3.1) — 279 (4.4) 73.7 (70.8) — —
HIV (n=9) 48.7 (7.5) 149 (4.1) 105.3 (17.6) 26.8 (4.0) 90.5 (68.4) — 433.7 (117.6)
H+A (n=15) 46.0 (8.7) 129 (2.2) 95.9 (12.5) 255 (4.5) 6042 (381.7) 194.2 (380.0) 438.1 (253.5)
Alcoholic (n=8) 50.8 (8.9) 15.6 (2.5) 104.7 (12.9) 260 (2.3) 1137.8 (536.8) 2167 (162.0) —
p=NS 0.0001 NS NS 0.0001 NS NS
C>H=H+A C=H<H+A<A
A>H+A

NS = not significant.

“Intelligence quotient (IQ) estimate for the three patient groups was based on the Peabody Picture Vocabulary Test.

follows: echo-train length =8; echo times (TE1/TE2) =50/
102ms; acquisition matrix =256 x 192; single average,
readout bandwidth=15.625kHz; and repetition time
(TR) =5500ms (young subjects from our laboratory) and
7800 ms (all other subjects).

Prior to spectroscopic imaging, shims were optimized
over the supratentorial brain by automated adjustment of
the three linear and five nonlinear shim terms available
on the scanner (Kim et al, 2002). Variable-density spiral
acquisition was used to resolve chemical shift at TE=
144 ms. Inversion recovery with TI= 170 ms was applied to
minimize lipid signals from subcutaneous fat. Metabolites
were excited by a pair of minimum-phase spectral-spatial
spin-echo pulses; the pass band included chemical shift for
NAA, Cr, and Cho, while leaving the water resonance
in the spectral stop band. The spatial profile excited an
approximately 5.5 cm thick slab.

The readout was designed for a variable-density spiral
sampling with a 36-pixel sampling diameter in (k,, k,), and
32 phase encodes in k,. The voxel size was 1.1 cm’, and the
acquisition time for metabolites was 15:20min with a
repetition period of TR=2s (Adalsteinsson et al, 1999).
A separate acquisition of unsuppressed water signal at a
reduced TR=1200ms provided high-SNR phase and
frequency reference. The duration of the readout period
for the current spectroscopic imaging protocol was limited
to 232ms. For acquisition of long-T2 metabolites (such
as NAA, Cr, and Cho) in regions of good main field
homogeneity, this readout duration is relatively short and
may thus limit spectral resolution and introduce spectral
truncation artifacts.

Both the metabolite and water reference data sets were
gridded onto a Cartesian 64 x 64 x 32 x 128 matrix and
Fourier transformed. Receiver and transmit gains were used
for correction of raw signal levels across subjects (Soher
et al, 1996). For each voxel, the water reference signal was
used to correct shifts in center frequency and time-varying
phase modulations, and produced a phased spectrum that
contained the three metabolite signals, NAA, Cr, and Cho.

The temporal stability of the amplitude of raw signal
acquired on the scanner was analyzed by calculating the
average signal for four 30 x 30 pixel regions of noise in
the periphery of every slice of whole-brain, magnitude,
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early-echo FSE images from 24 controls scanned over a 16-
month interval. A linear regression of the noise mean as a
function of time yielded a statistically significant decay in
the signal level, and was used to produce a temporal
correction function for the brain metabolites. The applied
correction to account for temporal signal decay was
(14.36+d * 0.001)/14.359, where d was time in days.

The dual-echo FSE images were stripped of non-brain
tissue with BET (Smith, 2002) and segmented into
compartments of gray matter, white matter, and cerebrosp-
inal fluid (CSF). The CSF mask was based on T2 estimates
from the dual-echo FSE, and the remaining brain tissue was
classified as gray matter or white matter with a nonpara-
metric histogram operator (Lim and Pfefferbaum, 1989;
Otsu, 1979). A posterior cortical compartment, predomi-
nantly of gray matter, was identified automatically in each
subject. This compartment was the intersection of two
regions, an outer region and a posterior region. The outer
region was identified by successive, concentric, two-
dimensional erosions of the tissue mask for each slice until
45% of the total brain mask volume was eroded. The
posterior region was created by splitting each slice half way
between the anterior and posterior extremes of the tissue
mask (Figure 1).

The tissue fraction of spectroscopic voxels in the outer
compartment was determined by passing the tissue
and fluid masks through a filter identical to the spatial
sampling and apodization of the spiral CSI data
(Adalsteinsson et al, 2003; Pfefferbaum et al, 1999b).
This filter is a radial Hanning window with a 36 pixel
diameter in (ky, k,), multiplied by a 32-pixel wide Hanning
window in k,. Spectra from voxels in the outer compart-
ment with a tissue fraction of greater than 80% were
averaged, and the contributions of NAA, Cr, and Cho
estimated by an integration of +16Hz range centered
around the NAA peak, and +5Hz centered around Cr and
Cho. A linear regression of the metabolite values from the
control subjects yielded age correction for each of the three
metabolites.

Statistical analysis. Group effects were tested with analysis
of variance (ANOVA) and follow-up t-tests. Bonferroni
correction for three comparisons yields a required
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Figure | Representative example (34-year-old man with HIV infection and alcohol dependence) of the parietal—occiptial cortical region of interest used in
MRSI metabolite quantification. Top row: Nine axial slices, segmented into compartments of gray matter (dark gray), white matter (light gray), and CSF
(black), with the region of interest outlined in white. Bottom row: The same axial slices as in the top row now display the MRSI voxels meeting inclusion

criteria (see text for criteria).
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NAA NAA
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Cho Cho
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0
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Figure 2 Grand average spectra for each of the four study groups.

alpha=0.017, two-tailed. Given that this correction is
usually overly conservative, another approach is to apply
Bonferroni correction levels to one-tailed predictions. In
this case, the corrected p-value = 0.034 for group differences
in the predicted direction. The predictions are clear for
NAA, which we hypothesize would decline with disease, and
choline, which we hypothesize would increase with disease,
but is less clear for Cr. Nonetheless, all p-values reported are
based on two-tailed tests. Relationships between metabolite
concentrations and demographic and disease variables were
tested with parametric correlations and confirmed with
nonparametric tests.

RESULTS

Within the control group, metabolite values were equivalent
in men and women. Further, in the total control group,
each of the three measured metabolites showed modest
to significant correlations with age as follows: NAA
r=-—0.52, p=0.011; Cr r=0.34, p<0.12; Cho r=0.29,

5.0 4.0 3.0 2.0 1.0 0.0

p<0.18; and NAA/Cr r=—0.69, p=0.0002. Thus, prior
to conducting group analyses, each subject’s metabolite
values were adjusted with linear regression to remove the
variance associated with age observed in the controls. All
of the following analyses used age-corrected standardized
Z-scores.

Group Differences in Age-Corrected Metabolite Values

One-way ANOVAs (two-tailed) across the four subject
groups calculated for each metabolite yielded differences
for NAA (F(3,54) =2.790, p<0.05 and Cr (F(3,54) =2.978,
p =0.04) but not for Cho (F(3,54) =1.584, p =0.34) or the
NAA/Cr ratio (F(3,54) =1.398, p =0.254). Follow-up t-tests
revealed that the H+ A group had lower NAA Z-scores
than either control group (p<0.025) or the HIV group
(p<0.025) and lower Cr Z-scores than the control
(p<0.009), HIV (p<0.08), and ALC groups (p<0.035)
(Figures 2 and 3). When the five control women were
excluded from the analysis, the overall NAA difference was
p=0.0615 (two-tailed) and p=0.0308 (one-tailed), thus

Neuropsychopharmacology
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meeting Bonferroni correction for three comparisons with
one-tailed tests, p =0.034.

The H+ A group included 10 men with recent alcohol
drinking histories and four with remote drinking histories.
To test whether metabolite levels were related to recency of
drinking in this group, we tested for group differences with
t-tests. In no instance did these groups differ from each
other: NAA t(12)=0.212, p=0.8355; Cr t(12)=0.34,
p=0.7401; Cho t(12)=0.193, p=0.8499; and NAA/Cr
t(12) =0.015, p=0.9881. Nonparametric Mann-Whitney
tests confirmed these parametric t-test results.

It is unlikely that the observed differences in metabolites
are attributable to differences in volumes analyzed. The
groups did not differ significantly in the number of voxels
used in the metabolite measurements (F(3,54)=2.078,
p=0.1147). The mean (+SEM) volume of the region
for each group was as follows: controls =42.7+5.0 cm>;
HIV=32.44+2.6cm’ H+A=31.5+3.0cm’ and alcoho-
lics = 28.54+ 3.0 cm®. Further, the average tissue fraction of
the voxels used for spectroscopy quantification was
computed for individual subjects, that is, summed and
divided by the number of voxels in the average. The average
tissue fraction for the voxels used was virtually identical
for each group (mean+SD for controls=_89.54+2.24,
HIV =89.56 +1.32, H+ A = 89.78 +2.14, alcoholics = 89.03 +
2.38; one-way ANOVA F(3,54) =0.22, p =0.882).

To test whether metabolite levels were associated with
HAART, the two HIV groups were divided into those taking
HAART vs those not taking this therapy at the time of scan.
Z-scores for each metabolite were subjected to two-group by
two-therapy ANOVAs. In no case was either the therapy
effect or the group-by-therapy interaction significant (p-
value ranged between 0.20 and 0.68).

Correlations with Age and Disease Variables in the
Patient Groups

None of the three patient groups showed correlations
between any age-corrected metabolites or ratio and age, that
is, over and above that which would be expected in normal
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Figure 3 Mean (£ SEM bars) of the three metabolites (left) and the NAA/Cr ratio (right) measured in each of the four study groups. The metabolites are
absolute values expressed as age-corrected standardized Z-scores. The expected mean values of the controls =0+ | SD. Negative values are in the
direction of deficit. *p<0.05.

aging. Apart from one notable exception, neither subject
variables (lifetime alcohol consumption, days since last
drink, or body mass index) nor cognitive test scores
(Peabody Picture Vocabulary Test) correlated significantly
in the expected direction with any of the metabolite Z-
scores. The exception involved the alcoholism-only group,
for which body mass index was correlated with Z-scores
of each metabolite was follows: NAA r=0.85, p<0.012;
Cr r=0.88, p<0.009; and Cho r=0.97, p=0.0003. The
statistical significance of these parametric correlations was
confirmed with nonparametric Spearman’s correlations.

DISCUSSION

MR spectroscopic analysis of major proton metabolite
peaks revealed that only individuals infected with HIV who
were also comorbid for alcoholism were significantly
affected, exhibiting a 0.78 SD deficit relative to controls in
NAA and a 1.0SD deficit in Cr in the parietal-occipital
cortex and subjacent white matter. By contrast, neither HIV
infection nor alcoholism alone resulted in any significant
posterior cortical metabolite abnormalities. The use of
absolute measures revealed deficits in both NAA and Cr that
would have gone undetected if the NAA/Cr ratio were used
to examine these patients who were in a relatively mild stage
of their disease and pre-dementia. Prior studies, based on
ratio measures, have concluded that NAA deficits emerge
only in later stages of HIV infection (Meyerhoff et al, 1996)
and are typically associated with cognitive impairment
(Chang et al, 1999, 2004; Harrison et al, 1998; Meyerhoff
et al, 1993; Moller et al, 1999a; Tracey et al, 1996), if at all
(von Giesen et al, 2001). Given that NAA and Cr were both
at abnormally low levels in the present study, the NAA
deficit would have had to be notably more severe than Cr to
over-ride the concomitant decline in Cr. This possibility
was only recently noted as a shortcoming in prior HIV
studies (Chang et al, 2002).

In contrast to ratio results for the HIV + alcoholism
group, ratios for the alcoholism alone group suggested an



NAA/Cr deficit relative to controls. Traditionally, the
metabolite deficit would be attributed to low NAA,
assuming no group difference in Cr. To the extent that
the data in the present study are generalizable, absolute
quantification revealed that this interpretation would be
faulty, because the Cr level was as different from zero in the
positive direction as NAA was different in the negative
direction, thereby deflating the NAA/Cr ratio. It should be
noted that the alcoholics in the present study were abstinent
from alcohol for at least several months. As normalization
of metabolite levels can occur with extended sobriety (Mann
et al, 2001; Martin et al, 1995; Seitz et al, 1999; but see,
O’Neill et al, 2001a), the metabolite values of the alcoholic
group in the present study may reflect recovery.

The volumetric MRS imaging (MRSI) approach permitted
the measurement of neocortical regions not achievable with
the large single-voxel approach. The NAA and Cr deficits
observed in parietal-occipital cortex were not related to
HAART status and have not been previously reported
in HIV-infected individuals before their infection was
advanced. The present study provided evidence for
significant involvement in posterior cortex at a less severe
stage of HIV infection with the stipulation that alcoholism
was also a component. Although neither HIV infection
nor alcoholism was sufficient to cause the metabolite
deficits, each disease apparently carries a liability that puts
affected individuals at a heightened risk of neuronal
compromise when the diseases are compounded (cf Fein
et al, 1998; Meyerhoff, 2001; Pfefferbaum et al, 2002).
Further, the neuronal compromise suggested by the
observed metabolite patterns for NAA may contribute
to the visuospatial processing deficits prominent
in alcoholism (for reviews see Fein et al, 1990; Oscar-
Berman, 2000; Sullivan, 2000) and occasionally documented
in HIV infection (eg Stern et al, 1996). Interpretation of
decreased Cr is more problematic as it increases with age
(Pfefferbaum et al, 1999b) and is in higher concentration
in glia than neurons (Barker, 2005; Ernst, 2005). Cr is
synthesized in the liver (Ross and Michaelis, 1994), and
hepatic pathology could conceivably contribute to de-
creased brain Cr levels.

Despite the strengths of the current study, it also has
limitations. In particular, artifact induced by B0 field
inhomogeneity was too severe to permit analysis of frontal
lobe and subcortical regions that would otherwise have been
desirable to conduct. Further, given current constraints,
only long-echo acquisition was possible, thus precluding mI
measurement, increases in which have been shown to occur
in the neuroasymptomatic stages (Chang et al, 2004) rather
than after the onset of the AIDS dementia complex
(Yiannoutsos et al, 2004). Better shimming capabilities,
improved signal-to-noise ratios, or the incorporation of 2D
J-resolved spectroscopy to enable the robust acquisition and
detection of other metabolites, such as mI and glutamate
(Hurd et al, 2004; Mayer et al, 2004), will be essential to
overcome these limitations when volumetric MRSI is
employed. Nonetheless, spectroscopic imaging data col-
lected with long-echo times are typically more robust than
those collected with short-echo times because of more
complete water suppression and reduction of inclusion of
nontarget amino acids and macromolecules into the
primary metabolite peaks (Spielman et al, 1991).
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A large proportion of the HIV subjects had a past history
of nonalcohol drug abuse or dependence. Such substance
abuse itself can have a significant effect on the major proton
metabolites visible with MRS (eg Nordahl et al, 2002) and
the potential lingering effects of such history must be
recognized and examined in future studies with larger
groups that can explicitly target the question of drug abuse
comorbidities (O’Neill et al, 2001b).

In conclusion, the use of absolute measures revealed
deficits in both NAA and Cr that would have gone
undetected if the traditional NAA/Cr ratio were used.
Further, alcoholism comorbidity was an essential concomi-
tant for observation of evidence for neuronal compromise
(ie low NAA) and high-energy phosphate metabolism (ie
low Cr) in parietal-occipital cortex in individuals with HIV
infection. The exceedingly high prevalence of alcoholism in
HIV-infected individuals and the interfering effect of
alcohol consumption on HIV therapeutic efforts, both in
terms of pharmacological response (Miguez et al, 2003) and
therapy compliance (Cerwonka et al, 2000; Samet et al,
2004), underscore the relevance of rigorous study of the
compounded diseases.
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